probes. The sensitivity of detection of viral DNA depends not only on the FlSH reaction conditions but also on some characteristics of the flow cytometer (FC). By flow cytometry (FCM), the detection of viral DNA by FlSH was limited to 500-600 copies per cell. The fluorescence signal was mult~plied by a factor of 3 after successive fixations in 4% paraformaldehyde and 7O0I0 ethanol as compared to fixation in 70% ethanol. It was also enhanced after in situ amplification with polymerase chain reaction (PCR) so that 50 copies of HPV18 were detected in HeLa cells. The choice of FC was important since a stronger signal was obtained on FACScan than on FACStar plus. Furthermore, closed flow chamber gave better results than nozzle with jet in air. The detection of 1-2 copies of HPV DNA type16 in SiHa cells was possible with laser scanning confocal microscopy (LSCM) without in situ PCR. Thus, LSCM may be more adapted than FCM to detect low copy numbers of HPV DNA. 
MATERlAl S AND METHODS
Fluorescence in situ hvbridization (FISH) was performed on Caski, SiHa and HeLa cell suspensions as previously described (4), using cloned HPV DNA type 16 and 18 biotinylated with 11-dUTP. For LSCM, deposits of 40 000 cells were applied to glass slides and mounted in PBS-glycerol (1 :9 vlv) containing 0.5 pglml propidium iodide to counterstain cell nuclei and 2.3% (wlv) 1,4-diazobicyclo-(2,2,2)-octane (DABCO) as an anti-fading.
Jn situ aenomic amolification was performed by PCR derived from Haase et al (5) and Nuovo et al (6) .
Briefly, the cells resuspended in PBS were fixed in 4% paraformaldehyde and in 7OoA ethanol, they were successively treated with 0.2 N HCI, 0.5 pg/ml of proteinase K and heated at 50°C, before exposure to amplification mixture. The primers used were chosen in the E6-E7 region of HPV types 16 and 18 (7) . Amplification was performed on a DNA thermal cycler (Perkin Elmer) with 20 cycles (94°C for 1 min, 55°C for 2 min and 72°C for 3 min). Hybridization was carried out overnight with the biotinylated plasmid probes and DNA-DNA hybrids were revealed by a three step reaction (4).
Flow cvtometry ana1vs.s were performed on a FACScan and a FACStar Plus flow cytometers (Becton Dickinson). On FACScan, the excitation source was an air cooled argon ion laser emitting a 488 nm beam at 15 mW. The flow chamber was a rectangular closed flow chamber constituted by a nozzle which leads into a tube with a cross section of 430 x 180 pm and the sample was delivered at 12 pll min. A microscope objective with NA=1.2 was used to collect fluorescence and the transmittance through the lens was 80% from 400 to 650 nm. On FACStar Plus, the excitation source was a water cooled argon ion laser (Spectra Physics) adjusted to emit a 488 nm beam at 250 mW; the flow chamber was a nozzle with jet in air (diameter 76 pm), the sample delivery was adjusted at its minimum value, 18 p1 1 min, but the flow velocity was 100 times higher than on FACScan.
~luorescence was collected with a microscope objective with NA=0.6 and the transmittance through the lens was around 50% . Green FACStar Plus was 100 times higher than on FACScan. However, excitation intensity (ix) was higher on FACStar Plus (FACStar plus : ix = 250 mW; FACScan : ix = 15 mW). Meanwhile, since fluorescence background increases with excitation intensity, the background was higher on the FACStar Plus and the signal to noise ratio decreased. For a given FC, fluorescence intensity depends on the value of "const" which depends on the parameters b, a and ae, Thus, the value of "const" may also modulate fluorescence intensity from one flow cytometer to another but this parameter was not taken into consideration. As in Equ(l), the fluorescence intensity is related to the number of fluorescent molecules (1) per cell, it is necessary to obtain the highest fluorescence signal.
By LSCM ,without anti-fading, it was possible to detect and localize hybridization spots in the nuclei of flow chambers have a higher performance than nozzles with jet in air (8) . According to Equ(l), a high intensity of the excitation source would also enhance the fluorescence of the signal, however, since the background concomitantly increases with the intensity of excitation, the ratio signal to noise decreases. Thus, reducing background is of interest. Since the threshold for the signal required to trigger the gate pulse is adjustable, it can be set so that background noise and signal from irrelevant particles, such as debris, are not measured.
The better senslivity of LSCM as compared to FCM is essentially due to the optical characteristics of the microscope which eliminate out of focus fluorescence (9) , and thus, permits detection of small hybridization spots. LSCM remains however difficult to use routinely
